Introduction {#sec1-1}
============

During the last few decades, there has been a great advancement in the field of mammographic screening, neoadjuvant therapy and breast conservation surgery in breast carcinoma. Cytological grading of breast carcinoma, which is a simple, feasible and reproducible method, can be used for selection of neoadjuvant therapy and would allow the assessment of the tumors without any surgical intervention so that the morbidity associated with overtreatment of low-grade tumors can be avoided.\[[@ref1][@ref2]\] The National Cancer Institute (NCI), Bethesda, sponsored conference had also recommended that the tumor grading on FNA (fine needle aspiration) material should be incorporated in FNA reports for prognostication.\[[@ref3]\]

The concept of nuclear grading was introduced by Black *et al*.\[[@ref4]\] in 1955. It was applied in cytological smears after modification by Fisher *et al*.\[[@ref5][@ref6]\] or after simplification by Cajulis *et al*.\[[@ref7]\] There are numerous studies assessing nuclear grade in breast carcinoma in the last three to four decades. The parameters of grading eventually included architecture, background, dissociation of cells and many more, along with nuclear features. Numerous two-tier and three-tier grading systems were proposed. Some authors even advocated morphometric analysis\[[@ref8][@ref9]\] to enrich the grading systems.

Despite the abundance of grading systems, there is no agreement among pathologists to accept one of them as the gold standard. The clinicians often place little reliance on this valuable prognostic parameter due to subjective evaluation and absence of uniformity. The purpose of this present study was to evaluate six such three-tier cytological grading systems to determine which corresponds best to the histological grading done by Nottingham modification of Scarff Bloom Richardson (SBR)\'s method.\[[@ref10][@ref11]\]

Materials and Methods {#sec1-2}
=====================

The study was conducted on 57 patients cytologically diagnosed as having breast carcinoma preoperatively who had undergone mastectomy with or without axillary lymph node dissection, over a period of 1 year (01.02.2009-31.01.2010), after obtaining the approval from the ethical committee of the institution. The inclusion criteria were: (i) all the clinically suspected and preoperative fine-needle aspiration cytology (FNAC) confirmed\[[@ref3]\] patients (Category 5) of breast carcinoma who had undergone mastectomy in the Department of Surgery and (ii) patients who gave the consent and fully cooperated during the study procedure. The exclusion criteria were: (i) breast carcinoma patients not confirmed by cytology (other than Category 5) and/or (ii) patients having a history of preoperative chemotherapy or radiotherapy for breast carcinoma.

Cytological grading was done by six of the three-tier grading systems in wet fixed Papanicolaou (Pap) stained FNA smears preoperatively \[Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}\]. Histological grading was done on the mastectomy specimen using the Nottingham modification of SBR\'s method\[[@ref10][@ref11]\] in hematoxylin and eosin (H and E) stained sections \[[Figure 4](#F4){ref-type="fig"}\]. Mitotic figures were counted and scored accordingly using an Olympus CH20i microscope with field of view number 18 and high-power field diameter 0.45 mm. The cytological and histological features and grades were independently evaluated by two examiners.

![(a) Acinar structure in a Howell\'s grade 2 breast carcinoma (Pap, ×400), (b) marked anisonucleosis and nuclear membrane irregularities in a Fisher\'s modification of Black\'s nuclear grade 3 tumor (Pap, ×400)](JCytol-30-87-g001){#F1}

![(a) Poor cell cohesion, pleomorphism, prominent nucleoli, cell size ≥5 RBCs in a Robinson\'s grade III tumor (Pap, ×400), (b) naked tumor nuclei of 3-5 RBC size and prominent nucleoli in a Khan\'s grade III tumor (Pap, ×100)](JCytol-30-87-g002){#F2}

![(a) Mixture of single cells and cell clusters (i.e., score 2) in a Robinson\'s grade II tumor (Pap, ×40), (b) mitosis in a cytological smear of a Mouriquand\'s grade III ductal carcinoma (Pap, ×1000)](JCytol-30-87-g003){#F3}

![(a) IDC, NOS, histological grade 1 (H and E, ×400), (b) IDC, NOS, histological grade 2 (H and E, ×400), (c) IDC, NOS, histological grade 3 (H and E, ×400)](JCytol-30-87-g004){#F4}

In Fisher\'s modification of Black\'s nuclear grading,\[[@ref7][@ref12][@ref13]\] depending on anisonucleosis, nuclear membrane, nuclear chromasia, nucleoli, chromatin pattern and mitoses, breast cancers were cytologically graded as nuclear grade (NG) 1, 2 and 3.

Mouriquand\'s grading\[[@ref14][@ref15]\] gave a score of 0-3 to different cellular characteristics, nuclear features, nucleolus and mitotic figures. The tumors were graded I if the combined score was \<5, II for a score ranging from 6 to 9 and III if the score was \>10.

Robinson\'s grading\[[@ref16][@ref17]\] used six different cytological parameters, namely cell dissociation, cell size, cell uniformity, nucleolus, nuclear margin and nuclear chromatin, to grade the tumors. A score of 1-3 was given to each of these parameters, and smears that scored in the range of 6-11 were graded I, smears with a score of 12-14 were graded II, and grade III was given for a score ranging from 15 to 18.

All cancers were cytologically graded similarly using the SBR\'s method after doing Howell\'s\[[@ref18]\] modification in mitotic counts.

Six parameters, namely cellular pleomorphism, nuclear size, nuclear margins, nucleoli, naked tumor nuclei and mitotic count, were used to grade the tumors in the grading system proposed by Khan *et al*.\[[@ref19]\] A score of 1-3 was given to each of these parameters and the tumors were graded I if the combined score was 6-10, II for a score ranging from 11 to 14 and III if the score was from 15 to 18.

The grading system proposed by Taniguchi *et al*.\[[@ref1]\] included seven cytological parameters -- necrosis, cellular size, nuclear--cytoplasmic ratio, nuclear pleomorphism, nucleoli, chromatin granularity and density of chromatin. Excluding necrosis which was scored 0 or 1, all other parameters were scored from 1 to 3. The cancers that were scored in the range of 6-9 were graded I, those with a score of 10-11 were graded II, and grade III was given for cancers of score ranging from 12 to 19.

Statistical analysis {#sec2-1}
--------------------

Association between different grading systems was assessed by Chi-square test and Freeman--Halton extension of Fisher exact probability test. Correlations were judged by rank order correlation coefficients. Agreement or concordance was assessed by kappa measurement of agreement. Multiple linear regressions were done to assess the significance of different cytological parameters to predict final cytological grades. *P* value of 0.05 or less was considered for statistical significance. All the analyses were done using IBM SPSS statistics software, version 19.

Results {#sec1-3}
=======

In the present study, 53 patients (93%) out of 57 patients were diagnosed as having invasive ductal carcinoma, not otherwise specified (IDC, NOS), and 4 were diagnosed as invasive lobular carcinoma (ILC) on histological sections.

Fisher\'s modification of Black\'s nuclear grading (54.4%), Robinson\'s grading (47.4%), Howell\'s modification of SBR\'s system (54.4%) and Khan\'s grading system (50.9%) identified higher proportion of cases as grade II, but Mouriquand\'s (70.2%) and Taniguchi\'s (66.7%) grading systems diagnosed majority of cases as grade III \[[Table 1](#T1){ref-type="table"}\].

###### 

Distribution of the study population (*N*=57) according to different cytological grading and histological grading

![](JCytol-30-87-g005)

Pearson Chi-square (χ^2^) and Freeman--Halton extension of Fisher exact probability test revealed a very highly significant (*P* \< 0.001) association between each of the cytological grading systems and SBR\'s histological grading system.

All the six cytological grading systems strongly and positively correlated with histological grading as analyzed by Spearman rank correlation coefficient (ρ) and Kendall\'s tau-b rank correlation coefficient (τ) \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation and concordance analyses between each of the cytological grading system and the histological grading

![](JCytol-30-87-g006)

Absolute concordance or percent agreement between histological grading and cytological grading was maximum (77.19%; 44 out of 57 cases) in both Robinson\'s and Mouriquand\'s systems, but the kappa value of agreement was more favorable (κ = 0.62; substantial agreement) in case of the former \[[Table 2](#T2){ref-type="table"}\].

Among the six cytological grading systems studied, only four used objective scoring system in categorical order for each parameter. Fisher\'s modification of Black\'s nuclear grading has no scoring system for different parameters and Mouriquand\'s grading has scoring system for parameters but not in rank or categorical order. So, correlation and multiple linear regression can be applied in the remaining four grading systems. In the present study, all of the cytological parameters correlated strongly with the final cytological grade in Robinson\'s system, Howell\'s system and Khan\'s system. But in the grading system proposed by Taniguchi *et al*.,\[[@ref1]\] nuclear--cytoplasmic ratio had a non-significant weak correlation with the final grade. In multiple regression analysis \[[Table 3](#T3){ref-type="table"}\], all the cytological parameters of Robinson\'s system except cell size and nucleoli had high significance in predicting the final cytological grade. In Howell\'s system, all parameters were found to have significance in detecting the final corresponding grade. But in Khan\'s system, one parameter, i.e., nuclear size, and in Taniguchi\'s system, four out of seven parameters had non-significant role in finalizing the grade.

In the present study, percent agreement was maximum between two examiners in case of Howell\'s system followed by Mouriquand\'s, Robinson\'s, Khan\'s and Taniguchi\'s in decreasing order. All of the six grading systems revealed substantial agreement (0.61-0.80) in respect to kappa value, except Taniguchi\'s system which showed moderate agreement (0.41-0.60) \[[Table 4](#T4){ref-type="table"}\].

###### 

Multiple regression analyses of four cytological grading systems

![](JCytol-30-87-g007)

###### 

Inter-observer agreement analyses in six cytological grading systems

![](JCytol-30-87-g008)

Discussion {#sec1-4}
==========

Despite the polar variance in views as to the extent of information that can be derived from breast fine-needle aspirates, most of the cytopathologists agree that nuclear grading should be done on FNAs of primary and metastatic breast carcinomas. As definitive treatment regimens assume a vital role prior to or in lieu of surgery, it seems the wealth of information provided by the FNA alone is becoming increasingly important.\[[@ref12]\]

In a double-blind study conducted by Das *et al*.\[[@ref20]\] cytological grading of 52 patients with breast carcinoma was carried out using two different grading systems (Robinson\'s and Mouriquand\'s methods) and the grades were compared with the histological grading. Robinson\'s cytological grading revealed an absolute concordance with histological grading in 37 cases (71.2%) and similar concordance was seen in Mouriquand\'s grading. But they considered Robinson\'s method as a better choice due to its simplicity, specificity and better reproducibility. They also observed a clustering of cases in lower grades in Robinson\'s system and higher grades in Mouriquand\'s system, which was quite similar to our study.

Frias *et al*.\[[@ref21]\] evaluated cytological grade by using the Robinson\'s method and the histological grade by using the Elston modification of the Bloom--Richardson method on 100 patients of IDC, NOS. A statistically significant association was observed between cytological and histological grades (*P* \< 0.0005).

Howell *et al*.\[[@ref18]\] used the SBR\'s system for cytological grading with some subtle modifications. Two pathologists assigned same cytological grade in 65.7% cases but same histological grade in 74.3% cases in the same set of patients. Percent agreement between histological grade and cytological grade by two pathologists were 51.1% and 40%. The percent agreement between histological grading by one pathologist and cytological grading assigned by the other pathologist were 45.7% and 57.1%, respectively. A very strong correlation was found between cytological and histological grading.

Different agreements were observed in different studies when Fisher\'s modification of Black\'s nuclear grading was compared with histological grading by Nottingham modification of SBR\'s system. It was 95% by Dabbs *et al*.,\[[@ref22]\] 70.37% (95 out of 135) by Zoppi *et al*.,\[[@ref23]\] 77.78% (14 of 18) by Bhargava *et al*.\[[@ref2]\] and 70.18% (40 of 57) with κ =0.48 (moderate agreement) in the present study, which compares favorably with the other studies. Most of the cases in the present study were clustered cytologically in grade 2 (54.4%). In modified Black grading system, this intermediate grade becomes a "wastebasket" grade since the criteria are not well defined.\[[@ref13]\]

Similarly, different agreements were observed in different studies comparing Robinson\'s cytological grading with histological grading by the Nottingham modification of SBR\'s system. The agreement was 57% (160 of 281) by Robinson *et al*.,\[[@ref16]\] 71.2% (37 of 52) by Das *et al*.,\[[@ref20]\] 65% (39 of 60) by Chhabra *et al*.,\[[@ref24]\] 83% (59 of 71) by Meena *et al*.,\[[@ref25]\] 88.89% (16 of 18) by Bhargava *et al*.,\[[@ref2]\] 81% (48 of 59) by Sinha *et al*.,\[[@ref26]\] 88% (38 of 43) by Khan *et al*.,\[[@ref27]\] 64% (32 of 50) by Lingegowda *et al*.\[[@ref28]\] and 77.19% (44 of 57) with κ =0.62 (substantial agreement) in the present study, which is almost similar to the other above-mentioned studies.

The agreements that were observed comparing the Nottingham modification of SBR\'s system used for cytological grading with the histological grading by Nottingham modification of SBR\'s system are 57.1% by Howell *et al*.,\[[@ref18]\] 87% by Dabbs and Silverman,\[[@ref29]\] 50% (9 of 18) by Bhargava *et al*.,\[[@ref2]\] 82% (41 of 50) by Lingegowda *et al*.\[[@ref28]\] and 63.16% (36 of 57) with κ = 0.40 (fair agreement) in the present study using Howell\'s modification.

Correlation of histological grading with cytological grading by Robinson\'s system revealed a correlation coefficient of 0.537 in the study by Chhabra *et al*.\[[@ref24]\] and 0.774 by Frias *et al*.,\[[@ref21]\] indicating strong positive correlation. Lingegowda *et al*.\[[@ref28]\] found a correlation coefficient of 0.519 between Robinson\'s and histological grading and 0.720 between Howell\'s modification of SBR and histological grading.

Bhargava *et al*.\[[@ref2]\] compared three different cytological grading systems, namely Nottingham modification of the SBR\'s method for cytology, Fisher\'s modification of Black\'s nuclear grading and grading by Robinson\'s methods. Robinson\'s cytological grading system was found to have the best correlation with histopathology grades (*P* \< 0.001).

All the six cytological grading systems were strongly and positively correlated with histological grading in the present study.

Khan *et al*.\[[@ref19]\] applied their proposed cytological grading on 105 cases of IDC, NOS, and observed absolute concordance with histological grading in 97% (102 out of 105) cases. The concordance rate with histology was 100% for grade 1, 98% for grade 2 and 93% for grade 3. Overall concordance was 97.14% (102 of 105 cases).

Taniguchi *et al*.\[[@ref1]\] implemented their grading system with seven parameters and histological grading on 90 cases (only cytological grading in 104 cases) of IDC and observed positive correlation (*r* = 0.337, *P* = 0.0015) between histological and cytological grading. Absolute concordance was 44.4% (40 out of 90).

Studies on correlational statistics of cytological features with cytological grade are mostly available on Robinson\'s grading system. Chhabra *et al*.\[[@ref24]\] found strong correlation between each cytological feature and cytological grade, whereas Lingegowda *et al*.\[[@ref28]\] observed strong correlation between each cytological feature and cytological grade except dissociation in case of Robinson\'s grading system.

In the present study, all the cytological parameters correlated strongly with the final cytological grade in Robinson\'s system, Howell\'s system and Khan\'s system. But in the grading system proposed by Taniguchi *et al*.,\[[@ref1]\] nuclear--cytoplasmic ratio had a non-significant weak correlation with the final grade.

Robinson *et al*.\[[@ref16]\] found all the cytological features of their grading system to have influential role in detecting histological score in multiple regression analysis, and cell dissociation and appearance of nucleoli came out as the most powerful predictive factors.

Chhabra *et al*.\[[@ref24]\] noticed cell dissociation and nucleoli as the most influential predictive factors, whereas Khan *et al*.\[[@ref27]\] found all the cytological features to have influential role in detecting final Robinson\'s grade in regression analysis. Lingegowda *et al*.,\[[@ref28]\] in multiple regression analysis of cytological features in Robinson\'s system, found that the extent of cell dissociation, appearance of nucleoli and nuclear margin had the most influential role in detecting the final cytological grade. Cell size, cell uniformity and chromatin pattern came out as non-significant predictors.

In our study, all the cytological parameters of Robinson\'s system except cell size and nucleoli had highly influential role in predicting the final cytological grade. In Howell\'s system, all parameters were found to have significant influential role in detecting the final corresponding grade. But in Khan\'s system, one parameter, i.e., nuclear size, and in Taniguchi\'s system, four out of seven parameters had non-significant role in finalizing the grade.

Regarding inter-examiner variability, very few studies are available. Howell *et al*.\[[@ref18]\] found inter-examiner agreement of 74.3% in histological grading and 65.7% in cytological grading.

The two observers assigned same grade for 98% of cases in Robinson\'s system and for 92% of cases in Howell\'s system. Overall, kappa measure of agreement (κ) was 0.89 (*P* \< 0.001) in the study by Lingegowda *et al*.\[[@ref28]\]

In our study, substantial agreement (kappa value: 0.61-0.80) was observed in histological grading and all cytological grading, except in Taniguchi\'s grading where we got the kappa value in the moderate agreement range (0.41-0.60). The variations of kappa value indicate subjectivity in the assessment of cytological parameters.

In the present study, Robinson\'s system revealed the best kappa value of agreement (κ = 0.62; substantial agreement), maximum percent of agreement (77.19%; 44 out of 57 cases) and the best correlation (κ = 0.799; *P* = 0.000 and κ = 0.765; *P* = 0.000) with histological grading. It also demonstrated inter-observer agreement in a substantial range (κ = 0.71).

Conclusions {#sec1-5}
===========

The present study revealed that it is possible to grade invasive breast carcinoma on aspirates and cytological grade corroborates well with histological grade by SBR\'s method. Among the six three-tier cytological grading systems, Robinson\'s system is simple, more objective, takes little time and effort, is reproducible and correlates precisely with SBR histological grade as evident from the statistical analysis in our study. So, it can be used for routine evaluation of aspirates of breast carcinoma.
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